The fetal lung vasculature forms in tandem with developing airways. Whereas saccular airway morphogenesis is arrested in bronchopulmonary dysplasia (BPD), the potential vascular phenotype in BPD at this stage of development is less well-understood. As inflammation increases the risk of BPD and induces arrest of saccular airway morphogenesis, we tested the effects of Escherichia coli LPS on fetal mouse lung vascular development. Injecting LPS into the amniotic fluid of Tie2-lacZ endothelial reporter mice at embryonic day 15 stimulated angiogenesis in the saccular stage fetal lung mesenchyme. LPS also increased the number of endothelial cells in saccular stage fetal mouse lung explants. Inflammation appeared to directly promote vascular development, as LPS stimulated pulmonary microvascular endothelial cell angiogenesis, cell migration, and proliferation in vitro. Whereas LPS did not increase expression of VEGF, angiopoietin-1 (Ang-1), Tie2, fetal liver kinase-1 (Flk-1), fms-like tyrosine kinase-1 (Flt-1), PDGFA, PDGFB, heparin-binding EGF-like growth factor (HB-EGF), or connective tissue growth factor (CTGF), LPS did stimulate the production of the angiogenic CC chemokines macrophage inflammatory protein-1␣ (MIP-1␣) and monocyte chemoattractant protein-1 (MCP-1). Both MIP-1␣ and MCP-1 increased angiogenesis in fetal mouse lung explants. In addition, inhibitory antibodies against MIP-1␣ and MCP-1 blocked the effects of LPS on fetal lung vascular development, suggesting these chemokines are downstream mediators of LPS-induced angiogenesis. We speculate that an inflammationmediated surge in angiogenesis could lead to formation of aberrant alveolar capillaries in the lungs of patients developing BPD. bronchopulmonary dysplasia; innate immunity; branching morphogenesis; inflammation LUNG MORPHOGENESIS REQUIRES precise apposition of airways with blood vessels (50). During the earliest stages of embryonal lung development, the primitive airways arise from the ventral endoderm (10). Newly formed airways develop into a mature three-dimensional structure via multiple iterations of branching morphogenesis. Lung vascular development parallels airway branching, with peribronchial arteries growing and dividing alongside airways (21, 40). After branching completes, the alveolar capillary bed forms within the fetal lung mesenchyme through a combination of angiogenesis and vasculogenesis (3, 41). Alveolar capillary bed formation occurs during the canalicular [16 -25 wk in humans, embryonic day 16 (E16) in mice] and saccular (25-36 wk in humans, E17 to postnatal day 5 in mice) stages of lung development (14). During capillary formation, epithelial-expressed growth factors including VEGF attract developing capillaries to the epithelial basement membrane (1, 46). In the later alveolar stage of development (after 36 wk in humans, postnatal day 5 in mice), epithelial-endothelial interactions promote alveolar septa formation (23, 38). Failure to normally complete these steps in lung morphogenesis can lead to defective gas exchange and respiratory disease.
postnatal day 5 in mice) stages of lung development (14) . During capillary formation, epithelial-expressed growth factors including VEGF attract developing capillaries to the epithelial basement membrane (1, 46) . In the later alveolar stage of development (after 36 wk in humans, postnatal day 5 in mice), epithelial-endothelial interactions promote alveolar septa formation (23, 38) . Failure to normally complete these steps in lung morphogenesis can lead to defective gas exchange and respiratory disease.
Disruption of normal lung development in preterm infants causes bronchopulmonary dysplasia (BPD; Ref. 27 ). In extremely preterm infants born during the canalicular stage, lung morphogenesis must continue while exposed to the extrauterine environment (11) . In up to 50% of infants born before 27 wk gestation, lung development fails to proceed normally, leading to BPD (5, 31) . Infants with BPD have reduced lung volumes and defective gas exchange (26) and can develop pulmonary hypertension (33) . Previous studies measuring vascular growth factors in the lungs of patients developing BPD have reported conflicting results (2, 12, 20, 29, 30) . Some insights into lung vascular pathology in BPD have come from biopsy and autopsy specimens (13) . Histological examination of lungs of BPD patients revealed dilated capillaries located in the lung interstitium and not intimately approximated to the alveolar epithelia. The mechanisms leading to these abnormally shaped and positioned vessels are not known. Lung vascular development has been most extensively studied in alveolar stage animal models, where both hypoxia and hyperoxia cause emphysema with reduced alveolar number and alveolar capillary density (28, 32) . Whether these models emulate BPD pathogenesis is not completely clear, as infants born during the late saccular and alveolar stages of development (after 32 wk gestation) rarely develop BPD (5) . The critical mechanisms leading to BPD, including potential derangement of the developing lung vasculature, likely originate in the earlier canalicular and saccular stages of lung development.
Clinical observations clearly show that inflammation is a major risk factor for BPD (9, 42, 48) . Women with chorioamnionitis (inflammation of placenta, uterus, and amniotic membranes) are more likely to deliver prematurely, and infants exposed to inflammation either before birth or following delivery more commonly develop BPD. Whereas inflammation arrests airway morphogenesis in animal models, we know less about how inflammation affects the developing lung vasculature. We first examined the lung vasculature in infants that died with BPD. Using a mouse model of chorioamnionitis and in vitro models of saccular lung development, this study then tested the effects of inflammation on lung vascular develop-ment during the canalicular and saccular stages of lung development. We next asked whether the effects of inflammation on vascular development were caused by changes in vascular growth factors or by angiogenic inflammatory mediators. Our data show that inflammation stimulated angiogenesis in the fetal lung mesenchyme and that this surge in vascular development was mediated by angiogenic inflammatory chemokines. Our findings offer a new perspective on the vascular hypothesis of BPD and identify potential novel targets in BPD pathogenesis.
MATERIALS AND METHODS
Mice, cell culture, and reagents. Tie2-lacZ, Tie2-green fluorescent protein (GFP), BALB/cJ, and ROSA26-enhanced yellow fluorescent protein (EYFP) mice were obtained from The Jackson Laboratory. SCL-Cre-ER(T) mice (18) were obtained from Joachim Gothert. Breeding colonies were established for timed matings, with the day of vaginal plug discovery defined as E0. SCL-Cre-ER(T):ROSA26-EYFP mice (referred to subsequently as SCL-YFP) were injected with tamoxifen (1 mg ip) on E12, E13, and E14. All animal procedures and protocols were reviewed and approved by the Institutional Animal Care and Use Committees at Vanderbilt University and the University of Alabama at Birmingham.
Primary cultures of fetal lung mesenchymal cells were isolated from E16 BALB/cJ mouse lungs and cultured in DMEM with 10% fetal bovine serum as previously described (8, 15) . Mesenchymal cells were used before reaching third passage. Subculturing primary mesenchymal cells Ͼ10 passages resulted in a more homogeneous population of ␣-smooth muscle actin-expressing myofibroblasts. These cells were also maintained in DMEM with 10% fetal bovine serum and studied between passages 10 and 15. Cells were cultured at 37°C in a humidified atmosphere of 5% CO 2. Pulmonary microvascular endothelial cells from conditionally immortalized simian virus 40 (SV40) mice (Immortomouse; Refs. 24, 35) were generously supplied by Mark de Caestecker. Cells were maintained in EGM-2 MV media (Lonza) with IFN-␥ at 33°C. To ensure degradation of the SV40 T antigen, cells were shifted to 37°C in the absence of IFN-␥ for 72 h and passaged once before study.
Ion exchange-purified Escherichia coli LPS (strain O55:B5) was purchased from Sigma. Rat anti-platelet endothelial cell adhesion molecule-1 (PECAM-1; CD31) was purchased from Chemicon. Mouse monoclonal anti-CD34 was from Dako. Antibodies against total and phosphorylated Akt were from Cell Signaling Technology. Polyclonal antibodies against the mesenchymal markers NG2 and PDGF receptor-␤ (PDGFR␤) were generously supplied by William Stallcup. Purified VEGF, monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-1␣ (MIP-1␣), and inhibitory antibodies against MCP-1 and MIP-1␣ were purchased from R&D Systems.
Human lung samples. Formalin-fixed paraffin-embedded lung tissue sections were prepared from autopsy specimens of six patients with BPD and six age-matched controls. Ages at time of death were between 3 and 18 mo. Clinical diagnosis of BPD was made first by the attending physician (oxygen requirement for 28 days and at 36 wk corrected gestation) and confirmed by the pathologist performing the autopsy. Age-matched controls did not have clinical or pathological evidence of lung disease.
In vivo chorioamnionitis. The mouse chorioamnionitis and saccular stage explant models have been described previously (8, 15, 36, 37) . For chorioamnionitis studies, at least seven litters of mice were studied in each group.
Microscopy and image analysis. Standard procedures were used for tissue processing, immunostaining, and wide-field and confocal imaging. For quantifying endothelial cell number, Tie2-lacZ whole lungs were fixed in 4% formaldehyde, 0.05% Tween 20, 0.1 M PIPES, pH 6.5-6.8 and then incubated at room temperature overnight in 5-bromo-4-chloro-3-indolyl-␤-D-galactoside (X-gal) staining solution [5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 1 mg/ml X-gal in PBS ϩ 2 mM MgCl 2]. Whole lungs were placed in 30% sucrose solution at 4°C overnight, frozen in optimum cutting temperature compound (OCT) using liquid nitrogen, sectioned, and affixed to glass slides. Sections were then postfixed in 0.4% formaldehyde and counterstained before imaging. Photographs were taken of individual airways in randomly chosen coronal or axial sections from Tie2-lacZ whole lungs using a Nikon TE2000-U inverted microscope and a Nikon QICAM digital camera. MetaMorph version 6.2r4 software (Universal Imaging) was used to identify and count individual lacZ-positive endothelial cells. Endothelial cells surrounding the airway epithelia were counted to calculate the number of endothelial cells per unit of area for each individual airway, which was measured by tracing each airway. Bronchial airways (lined with columnar epithelia) were excluded from analysis. Between 3 and 7 airway were analyzed in each image, and ϳ60 images were obtained from each litter of fetal mice. At least 7 litters of fetal mice were analyzed at each time point and condition. Concealing the identity of each slide ensured that the investigator was blinded to the identity of each frozen section throughout the process of slide selection, imaging, and image analysis. Similar analysis was performed on Tie2-GFP explants, with visible airways along the explant margin photographed for analysis. For each time point and condition, 50 -80 airways from a total of at least 5 separate explants were imaged and quantified. Statistical analysis of different treatment conditions was performed using ANOVA or unpaired t-tests where appropriate.
Endothelial cell proliferation, migration, and angiogenesis. Cell proliferation was measured by 2,3-bis(2-methoxy-4-nitro-5-sulfophe- nyl)-2H-tetrazolium-5-carboxanilide (XTT) assay (Roche). Cell migration through collagen-coated modified Boyden chambers was performed as previously described (7) . The number of cells migrating through the filter with LPS in the media was normalized to control for each experiment. To measure artificial wound healing, pulmonary microvascular endothelial cells were grown to confluency and "wounded" using a sterile 200-l pipette tip. Images were obtained at 6 distinct locations along the wound immediately after wounding and then 24 h later. The remaining area of the wound not covered with cells after 24 h was measured and subtracted from the initial wounded area. For each experiment, the fraction of wound area that was healed was normalized to control. Data were compared by ANOVA. To measure angiogenesis, pulmonary microvascular endothelial cells (150,000 cells per well) were cultured on a basement membrane matrix (Growth Factor Reduced Matrigel; BD Biosciences). Images of each well were obtained and analyzed using Histometrix (Andor Bioimaging) to determine total endothelial tube length. For each experiment, the total endothelial tube length was normalized to control. Data were compared by unpaired t-test.
Akt phosphorylation. Pulmonary microvascular endothelial cells were treated with LPS for 10 min to 24 h and harvested in lysis buffer [50 mM Tris·HCl, pH 7, 2% SDS, 5% 2-mercaptoethanol, phosphatase inhibitor cocktail (containing sodium orthovanadate, sodium molybdate, sodium tartrate, and imidazole; Sigma), and protease inhibitor cocktail (Complete Mini; Roche)]. Cell lysates were separated by SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes. Phosphorylated Akt was detected using an antibody specific for phosphorylated Ser473, peroxidase-conjugated secondary antibody, and chemiluminescence detection. The membranes were then stripped and reprobed with an antibody against total Akt. Cells treated for 30 min with insulin were used as a positive control.
Gene expression and chemokine measurement. Gene expression measurement by real-time PCR was described previously (8) . The 2 Ϫ⌬⌬CT method was used to compare gene expression levels between samples (4). Data were compared by ANOVA to test for significant differences. Tracheal aspirate samples were obtained from intubated preterm infants. All protocols were reviewed and approved by the Institutional Review Board at the University of Alabama at Birmingham. Eligible patients were delivered between 23 and 28 wk gestation and intubated on the first day of life. Tracheal aspirates were collected before 24 h of age. Endotracheal suctioning was performed using an enclosed inline suction catheter. One milliliter of sterile saline was instilled endotracheally, and fluid was suctioned into an enclosed, sterile specimen trap. The aspirated fluid was centrifuged at 2,000 g at 4°C for 5 min. The supernatant was then filtered through a 0.45-m low protein binding syringe filter (Millipore), aliquoted, and stored at Ϫ80°C. Urea concentration in each aspirate was measured using the QuantiChrom Urea Assay Kit (Bioassay Systems). Samples were diluted to a final urea concentration of 0.1 mg/dl before use. Patient identifiers were not obtained, but presence or absence of maternal chorioamnionitis was recorded. All cases of chorioamnionitis were confirmed by placental pathology. MCP-1 and MIP-1␣ concentrations in each sample were measured by SearchLight Assay (Pierce Endogen). Each sample was measured in triplicate over multiple dilutions. For chemokine measurement in cell culture media, primary fetal mouse lung mesenchymal cells and myofibroblasts were cultured in serum-free DMEM in the absence or presence of LPS (250 ng/ml). Media samples were collected, and chemokine concentrations were analyzed by Luminex assay (Bio-Rad). Each sample was measured in triplicate.
RESULTS
The lung vasculature develops abnormally in BPD. To better understand the vascular phenotype in BPD lungs, we first examined the vascular endothelia in lung sections from BPD and age-matched control autopsy samples. In control lungs, cells expressing the endothelial marker CD34 lined the alveolar septa (Fig. 1, A-D) . In lungs from patients that died with BPD, abundant CD34 staining was seen throughout the lung interstitium (Fig. 1, E-H) . Alveolar capillaries in BPD patients were often more dilated, with some vessels located deep within the interstitium and not adjacent to distal airways. These data suggest that patients with BPD have dysmorphic, malpositioned vessels and reduced numbers of alveolar septa.
Because inflammation appears to play a role in early BPD pathogenesis, we tested the effects of chorioamnionitis on fetal lung vascular development. We (36, 37) have previously used a mouse chorioamnionitis model to show that inflammation can alter canalicular and saccular airway morphogenesis. To measure the effects of inflammation on fetal lung vascular development, we induced chorioamnionitis in Tie2-lacZ endothelial reporter mice and examined lacZ expression within the fetal lung mesenchyme 48 h later, as canalicular lungs develop into the saccular stage. LPS increased the number of lacZ-positive endothelial cells surrounding each distal airway when controlled for airway area (Fig. 2) . Some endothelial cells localized to the lung interstitium, similar to the pattern seen in human BPD samples (Fig. 1) . These in vivo data suggested that prenatal exposure to inflammation could stimulate vascular development in the canalicular and saccular stage mouse lung.
To study the effects of inflammation on vascular development independent of systemic and maternal immune systems, we used saccular stage E16 fetal mouse lung explants. In control explants, distinct PECAM-1-positive endothelial cells can be seen surrounding saccular airways with long, thin cellular processes (Fig. 3, A-C and G-I) . Culturing explants in the presence of LPS increased PECAM-1 staining around developing airways, with large bands of endothelial cells throughout the mesenchyme (Fig. 3, D-F and J-L) . This increase in endothelial cell number was likely due to angiogenesis, as we did not detect cells costaining with endothelial and mesenchymal markers. We further tested the effects of LPS using GFP and YFP reporter mice. In Tie2-GFP fetal lung explants, LPS increased the number of GFP-expressing endothelial cells surrounding saccular airways (Fig. 3, M and P) . We obtained similar results using explants from SCL-YFP mice in which tamoxifen was used to label endothelial cells between E12 and E14 (Fig. 3, N and Q; Ref. 18 ). Confocal images from SCL-YFP explants show multiple endothelial cell projections in LPS-treated explants, consistent with increased angiogenesis (Fig. 3, O and R) . Similar to our in vivo data, LPS increased lung vascular development in saccular stage lung explants.
We next tested whether LPS could directly stimulate endothelial angiogenesis in cultured lung microvascular endothelial cells independent of other cell types. LPS increased the length of the endothelial tubes that formed after 20 h of culture in Matrigel (Fig. 4, A-C) . Exposing lung microvascular endothelial cells to LPS also stimulated haptotactic cell migration and artificial wound healing (Fig. 4, D and E) . In addition to the effects on tube formation and migration, LPS increased endothelial cell proliferation as measured by XTT assays by 15% (Ϯ2%; P Ͻ 0.001; n ϭ 24). These data suggest direct addition of LPS to lung microvascular endothelial cells stimulates angiogenesis.
In stimulating vascular development, LPS could either increase expression of proangiogenic growth factors or induce inflammatory mediators with angiogenic properties. To first test the effects of LPS on expression of proangiogenic factors, we measured gene expression in fetal mouse lung tissue exposed to LPS in vivo (Fig. 5A) . LPS increased expression of the inflammatory mediators IL-1␤ and TNF␣ but had no effect on the expression of VEGF, angiopoietin-1 (Ang-1), Tie2, fetal liver kinase-1 (Flk-1), fms-like tyrosine kinase-1 (Flt-1), PDGFA, PDGFB, heparin-binding EGF-like growth factor (HB-EGF), or connective tissue growth factor (CTGF). Similar results were obtained in LPS-treated lung microvascular endothelial cells (Fig. 5B) . LPS increased MCP-1 expression but had no effect on expression of Tie2, Flk-1, Flt-1, PDGFA, PDGFB, HB-EGF, or CTGF (VEGF and Ang-1 were not detected in cultured cells). Treating microvascular endothelial cells with LPS also did not lead to increased phosphorylation of Akt (Fig.  5C ), a downstream mediator of VEGF-stimulated angiogenesis (17) . Whereas these data could not completely exclude increases in vascular growth factor expression, they suggested other mechanisms might be playing a role.
Because LPS did not induce angiogenic growth factor expression, we hypothesized that inflammatory mediators might stimulate lung vascular development. Among the many inflammatory mediators induced by LPS, the chemokines MCP-1 and MIP-1␣ have been reported to promote angiogenesis (43, 49) . LPS increased expression of MCP-1 in cultured pulmonary microvascular endothelial cells (Fig. 5B) . In addition, LPS stimulated the release of both MCP-1 and MIP-1␣ from fetal mouse lung explants, cultured fetal lung mesenchyme, and fetal-lung derived myofibroblasts (Fig. 6, A-C) . We also measured increased MCP-1 and MIP-1␣ concentrations in the tracheal aspirate fluid of newborn extremely preterm infants exposed to chorioamnionitis compared with infants born preterm due to maternal indications (Fig. 6D) . MCP-1 and MIP-1␣ therefore appear to be present when the fetal lung is exposed to inflammatory stimuli. , and mouse lung myofibroblasts (C) were cultured in control media or in the presence of E. coli LPS (250 ng/ml). Media were collected at indicated time points, and chemokine concentrations were measured by Luminex assay. Each sample was measured in triplicate. D: MCP-1 and MIP-1␣ were detected in the tracheal aspirate fluid of newborn preterm infants exposed to maternal chorioamnionitis (chorio) by SearchLight assay (*P Ͻ 0.05; 7 control and 9 chorioamnionitis samples tested). Error bars Ϯ standard error of the mean.
We used saccular stage Tie2-GFP explants to test whether MCP-1 and MIP-1␣ could stimulate vascular development in fetal mouse lung. Addition of either MCP-1 or MIP-1␣ increased Tie2-GFP expression surrounding developing airways (Fig. 7, D and E) . Control images show increased GFP expression with LPS and VEGF treatment (Fig. 7, B and C) . MCP-1 and MIP-1␣ also increased the number of endothelial cells surrounding each saccular airway (Fig. 7F) . Neutralizing antibodies against MCP-1 and MIP-1␣ inhibited the effects of LPS on angiogenesis (Fig. 7G) . Collectively, these data support the role of inflammatory chemokines in stimulating vascular development in fetal mouse lungs.
DISCUSSION
Our results show that inflammation stimulates vascular development in the canalicular-to-saccular stage mouse lung. The bacterial endotoxin LPS increased the number of vascular endothelial cells surrounding developing saccular airways both in vivo and in vitro. This effect was likely attributable to increased proangiogenic inflammatory mediators and not to changes in vascular growth factors expression. Among the inflammatory mediators released in response to LPS, the chemokines MCP-1 and MIP-1␣ stimulated angiogenesis when added to cultured fetal lung explants. Antibodies against MCP-1 and MIP-1␣ inhibited the increase in vascular formation with LPS, supporting their role in inflammation-mediated angiogenesis. The effects of inflammation on vascular formation also appeared to be cell autonomous, as LPS stimulated proliferation, migration, and tube formation in lung microvascular endothelial cells in vitro. Collectively, our data support an inflammation-mediated surge in angiogenesis when the saccular stage mouse lung is exposed to LPS.
The increased vascular development on exposure to LPS in fetal mouse lung parallels the pathological effects of inflammation in other models. During cancer progression, both MCP-1 and MIP-1␣ stimulate angiogenesis and neovascularization, allowing tumor survival and growth (39, 49) . Inflammation also promotes neovascularization and angiogenesis in autoimmune diseases, including psoriatic arthritis, ankylosing spondylitis, and rheumatoid synovitis (44) . In atherosclerotic vascular disease, MCP-1 stimulates angiogenesis and collateral vessel formation in addition to recruiting inflammatory cells (34, 47) . In mediating these effects, chemokines can either recruit VEGF-expressing macrophages or directly stimulate chemokine receptors on the endothelium (19, 22, 43) . Our data suggest a direct effect in fetal mouse lung, as LPS stimulated angiogenesis in cultured lung explants devoid of circulation, did not increase VEGF expression, and did not stimulate Akt phosphorylation.
LPS binds Toll-like receptor 4 and activates the NF-B pathway. Translocation of activated NF-B subunits to the nucleus induces expression of inflammatory genes and pro- motes cell survival. Alternatively, LPS can promote apoptosis of some cell types by non-NF-B mechanisms. When LPS stimulates their release, CC chemokines bind G protein-coupled receptors, leading to changes in intracellular Ca 2ϩ concentrations and mitogen-activated protein kinase activity. These pathways regulate cell division, adhesion, and migration in multiple cell types (6, 45) . Future studies will determine which pathways are required for LPS-mediated changes in fetal lung vascular development.
The physiological consequences of a surge in fetal lung angiogenesis are not clear. The initial effects may be beneficial, as patients exposed to chorioamnionitis often have less severe respiratory distress immediately following birth. Alternatively, increased angiogenesis could be detrimental, forming leaky blood vessels in the lung mesenchyme. As increased vascular permeability accompanies angiogenesis (16) , new vessel formation could produce the interstitial pulmonary edema commonly described in preterm infants (25) . Inflammation-mediated angiogenesis in the fetal lung could contribute to BPD pathogenesis by disrupting the normal relationships between developing airways and capillaries. If inflammatory mediators such as MIP-1␣ and MCP-1 stimulate angiogenesis independent of epithelial VEGF, lung capillaries may form without close approximation to airway epithelia. This could increase the distance between air spaces and capillaries, producing a potential barrier for gas exchange. Such dysmorphic capillary orientation is commonly observed in the lungs of patients with BPD (Ref. 13 ; Fig. 1 ). Inflammation during the perinatal period could also affect capillary remodeling later in lung development when the preterm lung is often exposed to hyperoxia, mechanical trauma, or repeated episodes of inflammation.
Lung injury in neonatal rodents reduces the number of alveolar septa and capillaries, supporting the role of abnormal vascular development in BPD pathogenesis (28, 32) . This loss of alveolar septa and capillaries following injury is at least partially due to epithelial dysfunction and reduced VEGF production. Our data suggest that inflammation inhibits vascular development independent of the airway epithelia and VEGF expression. Therefore, our findings expand on this vascular hypothesis by demonstrating the effects of inflammation on earlier canalicular and saccular stages of lung vascular development, which correspond to the developmental stages of infants most at risk of BPD. The mechanism and developmental timing of lung injury may have distinctly different effects on vascular development. We propose that during the early stages of BPD pathogenesis, inflammation actually accelerates vascular development, possibly destabilizing developing capillaries. This change in vascular programming could lead to defects later in development as the alveolar capillary bed remodels and matures. The vascular abnormalities in BPD may not therefore be limited to fewer alveolar septa and capillaries, but may involve more complex cellular pathophysiology (11, 13) . More detailed understanding of the basic mechanisms regulating lung capillary morphogenesis may shed additional light on the processes leading to altered vascular and alveolar development in BPD.
